INTRODUCTION {#sec1-1}
============

Traditionally, bacterial biofilms have been believed to be the primary etiological factor for the commencement of gingival inflammation and progression to periodontal tissue destruction in a susceptible host. The host\'s immunoinflammatory responses elicited to overcome these bacterial challenges are mediated by numerous cytokines.\[[@ref1]\] This study was designed to explore the role, if at all any of one such cytokine interleukin-18 (IL-18) in periodontal health and disease in Indian Bengali population.

Though initially referred to as interferon gamma (IFN-γ) inducing factor, its name was changed to IL-18 after molecular cloning and later to IL-1F4 due to its resemblance in structure, receptor family, and signal transduction pathways with IL-1.\[[@ref2][@ref3][@ref4]\] IL-18, a pro-inflammatory cytokine, is produced mainly by the antigen-presenting cells, monocytes/macrophages, Kupffer cells, and also by nonimmune cells such as intestinal and airway epithelial cells.\[[@ref5][@ref6]\] It is expressed at the sites of chronic inflammation, autoimmune diseases, in a variety of cancers and in numerous diseases.\[[@ref7]\] IL-18, in the presence of IL-12 induce IFN-γ production from natural killer (NK) and T-cells and stimulate a Th1 cell response, while in its absence, IL-18 induce the production of Th2 cytokines such as IL-4, IL-5, IL-10, and IL-13, stimulate allergic inflammation and induce prostaglandin E~2~ production.\[[@ref8][@ref9]\] Thus, IL-18 has the unique capacity to induce either Th1 or Th2 differentiation, depending on the immunological context.\[[@ref10]\]

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 80 subjects were included in the study. They were of the age group 20--50 years, nonsmokers, free from any known systemic disease and had not undergone any periodontal therapy or had received any antibiotics and anti-inflammatory drugs in the previous 6 months. Written informed consent from the individuals participating in the study along with ethical clearance from the Institution\'s Ethical Committee was obtained. This study was conducted in accordance with the Helsinki Declaration of 1975 as revised in 2000. Orthopantomograph supplemented by intraoral periapical radiographs were done to assess the bony architecture. Based on their gingival index (GI), probing pocket depth (PD), clinical attachment (CA) loss, and radiographic evidence of bone loss, these eighty individuals were then divided equally into four groups of twenty members each as follows:

Group 1A (healthy control) -- individuals having clinically healthy periodontium, GI score -- 0, PD of ≤3 mm, and CA loss -- 0 with no indication of bone loss on radiographsGroup 2A (chronic gingivitis) -- individuals with clinical signs of gingival inflammation, GI score \>l, PD ≤3 mm with the absence of attachment loss and radiographic bone lossGroup 3A (chronic periodontitis) -- individuals with signs of clinical inflammation consistent with local etiological factors, GI score \>l, PD ≥5 mm, CA loss of ≥3 mm, with radiographic evidence of bone loss \[[@ref11][@ref12]\]Group 4A (aggressive periodontitis) -- individuals with noncontributory medical history, rapid attachment loss and bone destruction, familial aggregation of cases, amount of deposits, which are inconsistent with the severity of periodontal tissue destruction and showing generalized interproximal attachment loss affecting at least three permanent teeth other than first molars and incisors.\[[@ref11][@ref13]\]

The individuals of Groups 1A and 2A underwent nonsurgical periodontal therapy, which was completed in two sessions within 24 h to form posttreatment Groups 1B and 2B, respectively.\[[@ref14]\] Individuals of Groups 3A and 4A underwent periodontal flap surgery after scaling and root planing (SRP) to form Groups 3B and 4B, respectively. Gingival crevicular fluid (GCF) and serum samples were collected 6--8 weeks after scaling or flap surgery from the same sites from where GCF was collected prior to treatment. Thus, a total of 160 GCF samples and 160 serum samples were collected over the study period.

Collection of gingival crevicular fluid {#sec2-1}
---------------------------------------

After isolation by cotton rolls, GCF samples were collected a day after the assessment of clinical parameters to prevent the contamination of the GCF with blood expressed by probing of the inflamed sites. In each case, GCF sample was collected from the site with the deepest probing depth. If two sites showed similar probing depth, then the site showing the greatest CA loss and signs of inflammation, along with radiographic confirmation of bone loss, was selected for the sampling. The same sites were selected for sampling in the posttreatment groups. Supragingival plaque was removed and then 1 µl GCF was collected by placing 1--5 µl calibrated volumetric microcapillary pipette(Sigma-Aldrich Chemical Company, USA) extracrevicularly. The micropipettes contaminated with blood or the sites that did not express any GCF were excluded from the study. The collected GCF was immediately transferred to Eppendorf microcentrifuge tubes (Sigma-Aldrich Chemical Company, USA) containing 199 µl of phosphate buffered saline to make 200 µl of sample volume.

Collection of serum {#sec2-2}
-------------------

The skin over the antecubital fossa was disinfected and 2 ml of blood was collected by venipuncture using 20-gauge needle and 2 ml syringe. The blood samples were allowed to clot at room temperature and 1 h later; they were centrifuged at 3000 rpm for 6 min to separate the serum component.

The samples were stored at − 70°C till the time of the assay. The collected GCF and serum samples were analyzed using ELISA technique (RayBio Human IL-18 ELISA Kit, Assaypro, USA). The technician, who performed the ELISA, was oblivious of the study groups.

Statistical analysis {#sec2-3}
--------------------

The data were analyzed using statistical software SPSS version 11.0 (Chicago, IL, USA). The data were checked for normal distribution using the Kolmogorov-Smirnov test. Mean and standard deviation of the continuous variables were calculated. Correlational analysis was conducted within the groups by using measures from both the pretreatment groups and the posttreatment groups. Intergroup comparison of the mean levels of IL-18 in GCF and serum samples was performed using a *post hoc* Tukey\'s test. The difference in mean was considered statistically significant if *P* \< 0.05. Pearson\'s correlation test was used to evaluate correlation among GCF and serum IL-18 concentration and the clinical parameters. *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

All the individuals maintained their appointments regularly. None of the individuals or the sampling sites was dropped in the course of the study. The descriptive data of the pretreatment and posttreatment groups is presented in \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\], respectively. Intergroup comparison of the mean levels of IL-18 in GCF and serum samples using a *post hoc* Tukey\'s test is presented in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}.
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Descriptive data of the pretreatment groups
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Descriptive data of the posttreatment groups
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Comparison of interleukin-18 levels in the pretreatment groups
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Comparison of interleukin-18 levels in the posttreatment groups
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The results suggest that GCF and serum IL-18 levels were lowest in health and highest in periodontitis. Posttreatment, there was a reduction in the level of GCF and serum IL-18 in each group. A statistically significant difference in the mean concentration of IL-18 levels was observed between Groups 1A and 3A, between 1A and 4A and also between 2A and 3A in both GCF and serum. Posttreatment, a statistically significant difference in the mean concentration of IL-18 levels was observed between Groups 1B and 3B in both GCF and serum. IL-18 level in the GCF of Group 3A is positively correlated with PD and CA loss while the serum level in this group is positively correlated with GI, PD, and CA loss \[[Table 5](#T5){ref-type="table"}\]. There is no significant correlation between the levels of serum and GCF IL-18 and clinical parameters such as PI, GI, PD, and CA loss in healthy, chronic gingivitis, and aggressive periodontitis subjects.

###### 

Pearson correlation coefficient test
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DISCUSSION {#sec1-4}
==========

Enhanced GCF concentration of IL-1 has been reported to be associated with periodontal disease sites as compared to the healthy sites.\[[@ref15]\] However, studies relating to the role of IL-18, a member of the IL-1 family in periodontal health, and disease were found to be scanty. Our study was unique and stood apart from other studies because we estimated IL-18 levels both prior and posttreatment in four separate groups-healthy control, chronic gingivitis, chronic periodontitis, and aggressive periodontitis.

The results of the present study indicate that the concentration of IL-18 in the GCF and serum was lowest in periodontal health (Group 1A), higher in gingivitis (Group 2A), even higher in aggressive periodontitis (Group 4A), and highest in the case of chronic periodontitis (Group 3A) subjects. This increase in the IL-18 concentration was in accordance with the reports of previous studies.\[[@ref16][@ref17][@ref18][@ref19][@ref20][@ref21]\] Moreover, the concentration of IL-18 in the GCF and serum was observed to be decreased 6--8 weeks after periodontal therapy. This reduction in the concentration in each group could be attributed to the posttreatment reduction in the inflammation of the gingiva which in turn would lead to a diminished release of cytokines into the GCF and serum.

Another finding noted was that despite the reduction in the mean concentration of IL-18 posttreatment, the level did not touch the baseline level of the healthy control group. This observation could be attributed to the nonresolving inflammation of the gingiva influenced by some other cytokine such as IL-6 and IL-12.\[[@ref17][@ref22]\] In 2005, Johnson and Serio opined that periodontal inflammation might not successfully resolve because of a decreased concentration of anti-inflammatory cytokines such as IL-12 within the inflamed gingival tissue and accumulation of other cytokines such as IL-6 and IL-18. IL-18 was also reported to play an important role in maintaining the chronicity of inflammation in rheumatoid arthritis, inflammatory bowel disease, and some allergies.\[[@ref17]\] Offenbacher *et al*. analyzed 33 GCF biomarkers in experimental gingivitis in humans and observed that the pattern of biomarker expression during generation and resolution of inflammation differed considerably among subjects with similar clinical responses. Thus, the influence of one cytokine depends on the other cytokines and mediators in the local environment. This may explain the wide variability seen between the individuals in the same group.\[[@ref22]\]

Ishida *et al*. reported that IL-18 increased the chemotaxis of NK cells and induced the production of activated matrix metalloproteinases (MMP) -- 2, pro-MMP-2, and MT1-MMP from these cells.\[[@ref23]\] Juvenile idiopathic arthritis individuals with incipient connective tissue attachment loss were reported to have higher serum IL-18 levels suggesting a role of IL-18 in periodontitis.\[[@ref24]\] In severe inflammatory and septic conditions, high plasma IL-18 concentrations have shown poor clinical outcome. Hence, IL-18 was proposed as a marker in monitoring severe inflammatory conditions particularly in Gram-positive sepsis suspected cases.\[[@ref25]\] Kim *et al*. investigated the effect of IL-18 on the expression of Type I and collagen genes in dermal fibroblasts. Their results suggested that IL-18 down-regulated collagen production in human dermal fibroblasts via extracellular signal-regulated kinase pathway.\[[@ref26]\] IL-18 is associated with obesity, atherosclerosis, insulin resistance/glucose intolerance, cardiovascular disease, and multiorgan dysfunction.\[[@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33]\] IL-18 estimation might add prognostic information to lipid and inflammatory markers in patients with or without clinically established atherosclerotic disease.\[[@ref34]\]

Literature reports have indicated that IL-18 could induce the release of MMP-9 and IL-1 β, both of which were reported to have pro-inflammatory and tissue degradation effects.\[[@ref35]\] IL-18 was found to activate macrophages and other immune cells to secrete pro-inflammatory cytokines and chemokines. IL-18 might promote a priming effect on neutrophils which could upregulate the production of IL-1β, a pro-inflammatory cytokine.\[[@ref36]\] Due to its chemotactic, pro-inflammatory, and angiogenic properties, IL-18 might be a factor in the progression of inflammation.\[[@ref17]\] Thus, the accumulation of IL-18 in the periodontal tissues might be associated with persistence and maintenance of gingival inflammation. A concomitant rise in the level of IL-18 was observed in this study as the PD increased. This observation was consistent with the findings of Johnson and Serio. They had reported higher concentrations of IL-18 adjacent to the sites with PD \> 6 mm than that of the healthy sites.\[[@ref17]\] Thus, IL-18 could play an important role in gingival inflammation as relatively higher levels of IL-18 were found in gingival samples with increasing sulcular depth.

Orozco *et al*. compared IL-1, IL-12, and IL-18 levels in the GCF of gingivitis (PD ≤ 4 mm) and periodontitis (PD ≥ 6 mm) individuals.\[[@ref18]\] They concluded that the concentration of IL-18 was significantly higher than IL-1 at both gingivitis and periodontitis sites and thus inferred a higher significance for this cytokine in periodontal disease. The concentration of IL-18 in the GCF of the individuals of Group 3A was observed to be higher compared to the individuals of Group 2A. This observation of elevated levels of IL-18 in chronic periodontitis individuals could be explained on the basis of the increased probing PD in them. This finding was consistent with the observation by Figueredo *et al*., who reported higher levels of IL-18 in the individuals with chronic periodontitis as compared to gingivitis.\[[@ref19]\] The observations of this study were in accordance with the report of Pradeep *et al*. who had reported from the southern part of India that the level of GCF IL-18 was highest in chronic periodontitis subjects followed by gingivitis and lowest in periodontal health \[[@ref20]\] There was a reduction in the IL-18 levels in the periodontitis group following treatment (SRP).

The change in IL-18 concentration observed in the groups correlated positively with the clinical parameters used in the study. IL-18 level in the GCF of Group 3A is positively correlated with PD and CA loss while the serum level in this group is positively correlated with GI, PD, and CA loss \[[Table 5](#T5){ref-type="table"}\]. There is no significant correlation between the levels of serum and GCF IL-18 and clinical parameters such as PI, GI, PD, and CA loss in healthy, chronic gingivitis, and aggressive periodontitis subjects.

GCF was collected using microcapillary pipettes. This avoided loss of GCF sample by evaporation, which was seen with filter paper.\[[@ref37]\] The latter could have resulted in a false reduction in the detectable IL-18 level and hence could underestimate the correlation of IL-18 level to the disease severity. However, collection of the GCF by pipette carried the risk of trauma to the marginal gingiva and hence utmost care was taken to avoid it. The microcapillary pipette was gently placed at the entrance of the gingival crevice, and then the sample was collected. Moreover, the loss of GCF due to its sticking to the capillary walls was avoided by flushing the capillary with a fixed amount of diluent, which was contemplated during the final calculations.

The study design had initially four pretreatment groups with four posttreatment groups added 6--8 weeks after the completion of periodontal therapy. Such a designing of the study facilitated better evaluation of the role of IL-18 in the different stages of periodontal health and disease and to evaluate the role of periodontal therapy on the concentration of IL-18 in the GCF and serum. Though most of the healing was supposed to be completed by 6 weeks, the repair process could continue for a longer period. Perhaps, a delay in the posttreatment sample collection by a few weeks might have produced further attenuation in the inflammation of the periodontal tissues and hence further decrease in the IL-18 levels. However, further studies involving larger sample sizes are warranted to properly evaluate the role of IL-18 in periodontal health and disease.

CONCLUSION {#sec1-5}
==========

Increase in the GCF and serum levels of IL-18 is directly proportional to the increased level of inflammation of the periodontal tissues while a decrease in inflammation following periodontal therapy lead to a reduction in the levels of the IL in GCF and serum. Further longitudinal prospective studies involving larger sample sizes are warranted to affirm the role of IL-18 in periodontal health and disease.
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